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The Mars c r a t e r e d  t e r r a i n  boundary is a h igh ly  f r a c t u r e d  reg ion  t h a t  
d iv ides  t h e  a n c i e n t  c r a t e r e d  t e r r a i n  i n  t h e  southerr .  hemisphere of t h e  
p l a n e t  from t h e  smooth p l a i n s  of t h e  no r the rn  hemisphere. The boundary is 
c l e a r l y  exposed i n  t h e  Amenthes reg ion  which is l oca t ed  i n  t h e  e a s t e r n  
hemisphere of Mars. Here, c r a t e r e d  t e r r a i n  is e l e v a t e d  approximately 3 t o  
4 km above t h e  no r the r J  p l a i n s ,  and t h e  boundary is marked by both  broad 
p l a t e a u s  and knobby t e r r a i n .  I n  sou theas t e rn  Amenthes, i n  p a r t i c u l a r ,  
t he re  i s  a clear continuum between large detached p l a t eaus ,  sma l l e r  smooth 
topped p l a t e a u s  and knobby h i l l s .  Knobby t e r r a i n ,  however, is not  
r e s t r i c t e d  t o  areas ad jacen t  t o  t h e  boundary, bu t  ex tends  some 1000 t o  
t h e  n o r t h  where i s o l a t e d  knobs can be mapped. Mapping of t h e  s t r u c t u r a l  
features i n  t h e  Amenthes reg ion  i n d i c a t e s  t h a t  t h e  f a u l t s  p re sen t  are 
o r i en ted  p a r a l l e l  t o  t he  boundary i n  t h e  e a s t e r n  hemisphere, and that t h e  
o r i e n t a t i o n  of e longate  knobs and detached p l a t e a u s  is a l s o  p a r a l l e l  t o  t h e  
c r a t e r e d  t e r r a i n  boundary. These r e s u l t s  imply t h a t  t h e  evo lu t ion  of t h e  
c r a t e r e d  t e r r a i n  boundary has  involved normal f a u l t i n g  caused by stresses 
a c t i n g  perpendicular  t o  t h e  boundary. 
I f  t he  knobby t e r r a i n  is t r u l y  remnant of t h e  anc ien t  c r a t e r e d  t e r r a i n ,  
then t h e  f a r  n o r t h e r l y  occurrence of t h e  knobs i m p l i e s  t h a t  a t  least par t  
of t h e  no r the rn  p l a i n s  may be under l a in  by t h e  a n c i e n t  t e r r a i n .  I n  o rde r  
t o  look a t  p o s s i b l e  composi t ional  v a r i a t i c n s  t o  tes t  t h i s  hypothes is ,  w e  
have i n v e s t i g a t e d  t h e  g l o b a l  c o l o r  set compiled by t h e  Mars Consortium. 
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The a p p l i c a t i o n  of t h e  mar t ian  s u r f a c e  c o l o r  d a t a  t o  geologic  
i n t e r p r e t a t i o n  of t h e  boundary has  been i n i t i a l l y  confined t o  t h e  Amenthes 
reg ion  i n  an a t tempt  t o  l i m i t  t h e  numerous problems inhe ren t  i n  t h e  Viking 
I1 approach c o l o r  da t a .  The two most s e r i o u s  problems wi th  t h e  c o l o r  d a t a  
as app l i ed  t o  t h i s  s tudy  a r e  a tmospheric  c o n t r i b u t i o n s  t h a t  i nc rease  wi th  
l a t i t u d e ,  and t h e  h igh  c o r r e l a t i o n ,  o r  interdependence,  among t h e  t h r e e  
co lo r  bands. Such a c o r r e l a t i o n  in t h e  c o l o r  d a t a  reduces t h e  amount of 
u s e f u l  information.  
c o l o r s  ( red  = .59 - + .05 microns,  green = .53  - + .05 and v i o l e t  = .45 - + .03) 
has been t o  r a t i o  one c o l o r  t o  anot’ler. This  method, however, does no t  
maximize t h e  amount of in format ion  from t h e  da t a .  
One method t o  reduce t h e  c o r r e l a t i o n  among t h e  t h r e e  
In order  t o  c h a r a c t e r i z e  t e r r a i n  u n i t s  i n  t h e  Amenthes r eg ion  
previous ly  def ined  on t h e  b a s i s  of h igh  s p a t i a l  r e s o l u t i o n  photogeologic 
mapping, t he  t h r e e  c o l o r s  of t h e  Viking I1 approach d a t a  were used a t  t h e  
o r i g i n a l  ( 1 / 4  degree)  r e s o l u t i o n .  The c o l o r  d a t a  f o r  t h i s  reg ion  do not  
d i f f e r  s i g n i f i c a n t l y  from t h e  g l o b a l  c o l o r  d a t a  set i n  t h a t  a l l  t h r e e  
c o l o r s  a r e  h igh ly  c o r r e l a t e d .  
t he  t h r e e  c o l o r s  a p r i n c i p a l  components a n a l y s i s  was perfonned w i n g  a 
computer. The p r i n c i p a l  components method t ransforms t h e  c o l o r  d a t a  
thereby reducing t h e  interdependency of one c o l o r  r e l a t i v e  t o  aco the r .  
This  e f f e c t i v e l y  maximizes t h e  aaount of u s e f u l  in format ion  t h a t  can be 
obtained from t h e  c o l o r  da t a .  
t ransformat ion  wae performed t h e  r e s u l t i n g  d a t a  s e t  showed c o r r e l a t i o n  
va lues  of 0.50 ( r ed  t o  g re sn ) ,  0.26 ( v i o l e t  t o  r ed )  and 0.88 ( v i o l e t  t o  
green) ,  where a va lue  of 1.0 i n d i c a t e s  p e r f e c t l y  c o r r e l a t e d  d a t a .  
In  o r d e r  t o  reduce t h e  c o r r e l a t i o n  between 
Af te r  t h e  p r i n c i p a l  components 
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The d e c o r r e l a t e d  c o l o r  d a t a  were then  sub jec t ed  t o  an unsupervised 
c l a s s i f i c a t i o n .  Unsupervised c l a s s i f i c a t i o n  is a s t a t i s t i ca l  a n a l y s i s ,  
performed by t h e  computer, i n  which t h e  c o l o r  d a t a  are used t o  gene ra t e  
s t a t i s t i ca l ly  unique c o l o r  groups.  
c l a s s i f i c a t i o n  method is that i t  assumes nothing about  t h e  da t a .  
r e s u l t  of such processing is an image i n  which t h e  d i f f e r e n t  areas i n  t h e  
Amenthes reg ion  ale c l a s s i f i e d  on t h e  b a s i s  of s u r f a c e  co lo r .  The number 
of c l a s s e s  of t h e  i n i t i a l  computer genera ted  c l a s s i f i e d  image were then  
i n t e r a c t i v e l y  reduced and compared wi th  t h e  geologic  mapping r e s u l t s  of t h e  
Amenthes region.  This  allowed us t o  determine t h e  geologic  s i g n i f i c a n c e  of 
t h e  va r ious  c o l o r  u n i t s .  The f i n a l  c l a s s i f i c a t i o n  r e s u l t e d  i n  t h e  
d e f i n i t i o n  of 1 3  u n i t s ,  4 of which were r e l a t e d  t o  a tmospheric  v a r i a t i o n s  
i n  nor thern  Amenthes. I n  southern  Amenthes t h e  c l a s s i f i e d  u n i t s  show areas 
of poss ib l e  4 x i n g  between c r a t e r e d  t e r r a i n  and smooth p l a i n s .  
Consequently, d e s p i t e  t h e  problems inhe ren t  i n  t h e  c o l o r  d a t a ,  some 
geo log ica l ly  meaningful c o r r e l a t i o n s  ex is t  between s u r f a c e  u n i t s  and t h e  
transformed c o l o r  d a t a  i n  t h e  Amenthes region.  The knobby t e r r a i n  
pro t ruding  through t h e  p l a i n s  u n i t s  appears  t o  be remnants of a n c i e n t  
c r a t e r e d  t e r r a i n  extending northward ben ta th  the  more youthfu l  smooth 
p l a ins .  
The advantage of us ing  an  unsupervised 
The 
